1. Introduction
===============

Psychological stress is a continuous feeling of worry about your work or personal life, which prevents you from relaxing. Excessive and chronic amounts of stress, however, may lead to serious health consequences. Current studies indicated that psychological stress was independently associated with the increased risk of stroke,^\[[@R1]\]^ coronary heart diseases^\[[@R2]\]^ and mental illnesses such as depression^\[[@R3]\]^ and anxiety.^\[[@R3]\]^

Psychological stress has become increasingly common among the general population, especially in students^\[[@R4]\]^ and staff.^\[[@R5]\]^ Therefore, kinds of interventions were designed to help people manage and control stress. Among them, mindfulness-based interventions worked well. A meta-analysis concluded that mindfulness-based stress reduction (MBSR) was effective for reducing stress levels in healthy people.^\[[@R6]\]^

Mindfulness is the psychological process of focusing attention on experiences occurring in the present moment, which can improve well-being and mental health. Therefore, mindfulness training was introduced in the stress management program by researchers. As mentioned above, MBSR was proposed by Jon Kabat-Zinn, which combined mindfulness meditation, body awareness, and yoga to assist people in mindfulness.^\[[@R7]\]^ Similar interventions were also designed for mentally and physically ill patients, including mindfulness-based cognitive therapy (MBCT)^\[[@R8]\]^ and acceptance and commitment therapy (ACT).^\[[@R9]\]^ The current mindfulness interventions involve various forms, with differences in delivery methods and the number of sessions.

Although the effect of mindfulness in increasing mental health has been proved, face to face delivery restricts its application among the general population. Mental health care is difficult to reach the general population. With the development of Internet technology, Internet-based interventions may solve the problem. A survey was conducted to examine the mindfulness meditation delivery format preferences of adult English speakers. It was concluded that the Internet was a top priority for most participants.^\[[@R10]\]^ Internet mindfulness-based interventions (iMBIs) have unique advantages in reaching the general population. The merits of iMBIs can be listed as follows:

1.  standardized and even more efficient,

2.  not only convenient access to mindfulness resources, but also the ability to control when and where people access the intervention, and

3.  low cost.

A meta-analysis has proved that online mindfulness interventions play an important role in increasing mental health, especially stress.^\[[@R11]\]^ However, the studies involving patients with mental and physical illnesses were also included in the previous meta-analysis. The purpose of this article is to combine the results of studies which investigate the effect of iMBIs only in the general population.

2. Materials and methods
========================

This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.^\[[@R12]\]^

2.1. Literature search
----------------------

Two independent researchers conducted a systematic literature search in databases including PubMed, Embase, Web of Science, Medline, Cochrane Library, CNKI, and Wanfang Data to search for relevant studies form the first available year to 11 Jan 2019 to identify the studies of iMBIs for the general population on stress. The terms were used both in abbreviations and full text as follows: "mindful" or "mindfulness," "online," "e-health," "Internet," "web" or "app," "general population," "students" or "employee," and "stress". The last search was performed on 10 April 2019. In addition, we checked the reference lists of related reviews and retrieved articles for additional potentially eligible studies, as well.

2.2. Inclusion and exclusion criteria
-------------------------------------

To be included in the meta-analysis:

1.  experimental groups must involve MBIs such as MBSR, MBCT, and ACT either with or without guidance,

2.  MBIs should be administrated through the website, a computer, smartphone application, or virtual classrooms,

3.  control groups involved an inactive or active condition,

4.  participants should not have any clinically diagnosed mental or physical disease,

5.  validated outcome measurements must be used for examination of the effectiveness of iMBIs for general population on stress, and

6.  the studies were conducted using a randomized controlled design.

The exclusion criteria were:

1.  the intervention did not involve mindfulness training or combined mindfulness-based training with other psychoeducational therapy such as cognitive behavioral therapy,

2.  sufficient information for the calculation of effect size was not provided in the study, and

3.  articles concluded duplicate or overlapping studies.

This procedure was performed by two researchers and if the disagreement appeared, the third researcher was consulted.

2.3. Data extraction and quality assessment
-------------------------------------------

Full text of eligible articles was independently reviewed by 2 researchers and data extraction was independently conducted at the same time, as well. All disagreement was discussed with the third researcher to reach consensus. Data extracted were as follows:

1.  participants' characteristics (e.g., type of sample, age, gender distribution);

2.  the intervention characteristics (e.g., type of MBIs, guidance, delivery mode, number of sessions, duration in weeks);

3.  the study characteristics (e.g., number of participants per group, control condition, follow-up timing); and

4.  outcome measurements for stress, depression, anxiety and mindfulness.

In addition, 2 researchers independently assessed the quality of all eligible articles according to the Jadad scale^\[[@R13]\]^ and the Cochrane risk of bias tool.^\[[@R14]\]^ A total score of the Jadad scale ranged from 0 to 7, and the article with a total score of 4 to 7 was considered as high quality.^\[[@R13]\]^ The Cochrane risk of bias tool covered the following items: random sequence generation, allocation concealment, performance and detection bias, incomplete outcome data, selective reporting, and other bias.^\[[@R14]\]^

2.4. Calculation of effect sizes
--------------------------------

The primary analysis was to examine the overall effect size of iMBIs for the general population on stress and mindfulness. To correct the small sample bias, the metric of Hedges' *g* was used to record the overall effect size.^\[[@R15]\]^ In within-group analyses, the measures of pre- and post-intervention were not independent, so the correlation between them should be taken into account. Since it was often not available in the articles, recommended by Rosenthal,^\[[@R16]\]^ 0.7 as a conservative estimate for it was used in the meta-analysis when calculating the overall effect. The reported information such as Cohen *d,* means of pre- and post-treatment and standard deviations for both the experiment and control groups, was converted into Hedges' *g* by comprehensive meta-analysis software version 3 (CMA 3.0).^\[[@R17]\]^ If one study contained two experiment groups of different iMBIs and one control group, we calculated the overall effect size of those 2 experiment groups in comparison with the control group respectively. On the other hand, if 1 study contained 2 control groups of different intervention and 1 experiment group, we used the inactive control group such as waitlist for calculation of the overall effect size. Subgroup analyses of the stress studies were performed on the basis of the type of sample (i.e., students, staff, or mixed students and staff) and delivery mode (i.e., application, website, or others). We also conducted a meta-regression using the mixed effects model to explore whether the overall effect of iMBIs for the general population on stress and mindfulness varied across the studies based on the following:

1.  publish year,

2.  type of MBIs (i.e., MBSR, ACT, mindfulness meditation or others),

3.  treatment duration, and

4.  guidance.

Subgroup analyses and meta-regression were conducted to determine whether the variables had contributed to heterogeneity in the meta-analysis. An effect size from 0.00 to 0.32 represented a small effect size, 0.33 to 0.55 represented a moderate effect size and 0.56 to 1.20 represented a large effect size according to Lipsey and Wilson.^\[[@R18]\]^

2.5. Statistical analysis
-------------------------

Due to the variation (e.g., type of MBIs, delivery mode) across the studies, we assumed the true effect size may not remain stable. Therefore, the overall effect was synthesized on the basis of a random effect model. We pooled the reported data into comprehensive meta-analysis software version 3 to synthesize the effect size of iMBIs for the general population on stress, depression, anxiety and mindfulness using the metric of Hedges' *g* with 95% confidence interval (CI), Z-value, and *P* value and generated a forest plot for the effect size of iMBIs for the general population on stress and mindfulness. The overall heterogeneity between articles was assessed by the *I*^*2*^ and chi-square statistic (*Q*). The significant *Q*-Statistic (*P* ≤ .05) informed the researcher of the presence of significant heterogeneity within the studies. The *I*^*2*^ indicated the percentage of heterogeneity across the primary studies with 25%, 50%, and 75% as low, moderate and high heterogeneity, respectively.^\[[@R19],[@R20]\]^ We also performed sensitivity analyses by excluding every eligible study sequentially to explore potential sources of heterogeneity.

The publication bias was evaluated by a funnel plot, a classic fail-safe N test, and Duval and Tweedle\'s trim and fill method. A funnel plot showed the asymmetric distribution indicating the potential publication bias.^\[[@R14]\]^ A fail-safe N test estimated the number of unpublished studies needed to lower the effect size below significance.^\[[@R21],[@R22]\]^ Duval and Tweedle\'s trim and fill method was used to calculate an adjusted effect size by accounting for the impact of these estimated missing studies on overall effect size.^\[[@R23]\]^

2.6. Ethical approval
---------------------

This meta-analysis does not require ethical approval or patient consent because the data used in the meta-analysis were extracted from previously published studies which had declared ethical approvals and no original clinical raw data was utilized. This meta-analysis was performed in accordance with PRISMA guidelines.

3. Results
==========

As shown in Figure [1](#F1){ref-type="fig"}, 347 records were identified through database searching. After removing duplicates, 176 records were screened at the base of the abstract. And 124 of 176 records were excluded due to no relevance. Full text of remained articles was obtained for further assessment. Afterward, 36 articles were removed due to various reasons. Therefore, a total of 16 articles were included in this meta-analysis.

![Flow diagram of literature selection for meta-analysis.](medi-99-e20493-g001){#F1}

3.1. Characteristics of included studies and quality appraisal
--------------------------------------------------------------

The major characteristics of 16 included studies are presented in Table [1](#T1){ref-type="table"}.^\[[@R24]--[@R39]\]^ Seven studies were carried out in the USA, four in the UK, and 1 each in Hong Kong, Canada, Austria, Sweden, and Finland. The sample size of the above studies ranged from 13 to 184. Females constituted the majority of participants in all studies but one. All participants were adults, with a mean age varying from 25.3 to 44.3 years old. Most studies were conducted in staff (n = 6), while 5 in students, 3 in mixed staff and students. And 2 studies did not mention the occupation of the included population. There were a variety of iMBIs designed in these studies. Mindfulness meditation was adapted in five studies when ACT was applied in four studies, MBSR in three studies and surviving and thriving during stress in one study.

###### 

Characteristics of studies included in the analysis.

![](medi-99-e20493-g002)

The iMBIs also differ in duration, frequency, and delivery mode. The duration ranged from 2 weeks to 12 weeks. The delivery mode included website (n = 9), application (n = 4), virtual learning facility (n = 2) and online virtual classroom (n = 1). An online math training was conducted as a control group in one study, with the waitlist in 13 studies and mental health education in one study. Ten studies reported follow-up data, with follow-up time ranged from 3 weeks to 1 year. Outcome measures of stress in comparison were reported in 14 studies, with depression in 8 studies, anxiety in 7 studies and mindfulness in 10 studies. In addition, a total of the quality appraisal scores of each eligible article shown in Table [1](#T1){ref-type="table"} ranged from 3 to 7. Twelve of all included studies were of moderate qualities, two of low qualities and one of the high qualities.

3.2. Effects on stress and mindfulness
--------------------------------------

The overall effect size of 17 comparisons on stress was *g* = −0.393 (95% CI = −0.511, −0.275, Z = −6.533, *P* \< .001), indicating that moderate effect of iMBIs in reducing stress among the general population (Fig. [2](#F2){ref-type="fig"}). The heterogeneity across the articles was low to moderate with *Q* = 24.23 (df = 16, *P* = .001) and *I*^2^ = 33.99%. As shown in Figure [3](#F3){ref-type="fig"}, the overall effect size of iMBIs on mindfulness (13 comparisons) was calculated at *g* = −0.316, (95% CI = −419, −0.212, Z = −5.985, *P* \< .001). The assessment of the heterogeneity showed the low heterogeneity with studies (*Q* = 6.573, *P* \< .001, *I*^2^ = 0%).

![Primary analysis of stress. CI = confidence interval.](medi-99-e20493-g003){#F2}
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3.3. Subgroup analyses
----------------------

Exploratory subgroup analyses of the stress studies were conducted based on the delivery mode (i.e., application, website, or others) and the type of sample (i.e., students, staff, or both students and staff). As presented in Figure [4](#F4){ref-type="fig"}, the results showed that the effect size of 3 delivery mode groups remained in moderate range, and the effect size of the application group (*g* = −0.417, 95% CI = −0.800, −0.035, Z = −2.137, *P* = .033) and the others group (*g* = −0.459, 95% CI = −0.652, −0.265, Z = −4.639, *P* \< .001) were both higher than the website group (*g* = −0.360, 95% CI = −0.527, −0.194, Z = −4.252, *P* \< .001). The level of heterogeneity was in low range across the application group (*Q* = 1.277, *P* = .259, *I*^2^ = 21.66%) and the others group (*Q* = 4.236, P = .375, *I*^2^ = 5.579%), and in a moderate range across the website group (*Q* = 17.963, *P* = .036, *I*^2^ = 49.90%). In the subgroup analysis of different sample types, the effect size of the staff group (*g* = −0.541, 95% CI = −0.803, −0.279, Z = −4.043, *P* \< .001) was much higher than other two groups (Fig. [5](#F5){ref-type="fig"}). But the higher heterogeneity was observed across the staff group (*Q* = 6.436, *P* = .169, *I*^2^ = 37.85%) than two other groups.
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3.4. Meta-regression analyses
-----------------------------

Using the meta-regression, the results indicated that the overall effect size was moderated by guidance for iMBIs on stress (slope: 0.11, Z = 2.70, *P* = .007) and mindfulness (slope: 0.10, Z = 0.96, *P* = .337). In addition, we found no evidence that publication date, MBIs type, and treatment duration had a positive significant influence on the overall effect size of iMBIs on stress and mindfulness.

3.5. Publication bias and sensitivity analyses
----------------------------------------------

As shown in Figures [6](#F6){ref-type="fig"} and 7, the Begg funnel plot was basically symmetric for stress and mindfulness. Similarly, the calculation of the Duval and Tweedie\'s trim and fill showed that there were no missing articles required to make the Begg funnel plot symmetric for both stress and mindfulness. Meantime, a fail-safe N test results showed that the estimated number of unpublished studies for stress (273) and mindfulness (103) were both higher than the recommended minimum of 95 and 75 (5 k + 10, where k is the number of studies in the meta-analysis), respectively.^\[[@R16]\]^ Furthermore, the corresponding Hedges' *g* was not significantly altered during the procedure of sensitivity analyses.
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3.6. Effects on depression, anxiety
-----------------------------------

Based on 9 comparisons, a small to moderate effect of iMBIs on the reduction of depression was found with *g* = −0.339 (95% CI = −0.491, −0.188, Z = −4.387, *P* \< .001). The moderate heterogeneity was observed across the studies *Q* = 11.89 (df = 8, *P* = .156) and *I*^2^ = 32.75%. For anxiety, the combined effect size of 8 comparisons was *g* = −0.200 (95% CI = −0.324, −0.075, Z = −3.139, *P* = .002), suggesting a small effect on anxiety. The level of the heterogeneity was in small range with *Q* = 4.865 (df = 7, *P* = .676) and *I*^2^ = 0%.

4. Discussion
=============

The main purpose of this meta-analysis is to estimate the overall effect size of iMBIs on the stress of the general population in comparison with control conditions. In the previous meta-analysis,^\[[@R11]\]^ researchers also included studies involving the population with somatic illness or psychological illness, which were excluded in this meta-analysis. When all studies were included, the primary results showed significant, small to moderate effect sizes for stress (*g* = −0.393) and mindfulness (*g* = −0.375), providing further evidence for potential use on iMBIs as a low cost, alternative to face-to-face interventions for the general population.

The majority of healthy individuals who have difficulty in stress management won't seek help from a psychological therapist until their problems have become severe. There are a lot of reasons for this phenomenon, such as geographic distances, concerns of confidentiality, disgrace and potential impact on career, cost and time constraints. Compared with face-to-face interventions, iMBIs could overcome such obstacles to reach those who are unwilling to receive face-to-face interventions^\[[@R10]\]^ or do not have access to psychotherapy. Given the enormous stress at study and work, iMBIs can be a highly convenient way for the reduction of stress among the general population.

As mentioned above, subgroup analyses were performed to investigate differences between the effectiveness of iMBIs in reducing the stress of staff and students. The result suggested iMBIs were more effective in stress reduction of staff than students. This finding can be explained by the possibility that staff with higher levels of stress at baseline experienced a larger reduction in stress level. This is consistent with a previous study, which found that participants with higher levels of distress were likely to benefit from application-based mindfulness intervention more than those with a lower level of distress.^\[[@R30]\]^ However, the findings also put forward the question of whether iMBIs should be remolded to suit specific individuals. A review has reported that mindfulness training with a focus on self-compassion is particularly effective in reducing stress and enhancing professional skills among health care workers who are vulnerable to stress overload and compassion fatigue due to an emotionally exhausting environment.^\[[@R40]\]^ Further researches should be carried out to solve the problem.

Similarly, the subgroup analysis was conducted to inquire into differences among application, website and other deliveries. It showed that iMBI which had the largest effect size was other deliveries (main including the virtual classroom) and the next was application. It is noticeable, however, that only two included studies reported the effect of application-based MBIs on stress.^\[[@R30],[@R35]\]^ Due to the small size of the sample and high heterogeneity across the studies, the findings should be interpreted with caution.

Indeed, with the increasing population of mobile phone use, smartphone apps have the potential to offer a wide range of content that is both interactive and dynamic, which were also high capability-price ratio, flexible, and easily accessible. More than 90% of owners reported having their phones charged, turned on, and constantly within arm\'s reach.^\[[@R41]\]^ These features make the application particularly suitable for the delivery of MBIs.^\[[@R42]\]^ For example, in a study on iMBIs, many participants reported that they found it difficult to fit mindfulness into their busy lifestyles.^\[[@R43]\]^ Application, however, offers the chance to associate the mindfulness with diaries, alarm clocks, and other functions to improve the adherence. It offers a possible explanation for the result of the subgroup analysis.

Otherwise, results must be explained with caution when taking the heterogeneity across the included studies into consideration. The differences among the studies having potential influences on heterogeneity were as follows:

1.  sample type,

2.  publish year,

3.  type of iMBIs,

4.  the duration of intervention,

5.  with or without guidance, and

6.  delivery mode.

Sensitivity analyses, subgroup analyses, and meta-regression were carried out in order to investigate the sources of heterogeneity. First, sensitivity analyses suggested that the effect size was not significantly altered when excluding each included study sequentially. Next, according to the subgroup analyses mentioned above, the type of sample and delivery mode contributed to the heterogeneity. Besides, meta-regression was conducted to determine the possible confounding factors. The results indicated that guidance had a great influence on heterogeneity, which notably higher effect sizes were observed for iMBIs with guidance than without guidance. The result is in accordance with the previous review.^\[[@R11]\]^ It is a possible explanation that therapist guidance improves the adherence of participants. Low levels of adherence and high rates of drop-out (without completing the whole program) are common issues with iMBIs and were found in many included studies. However, it should be noted that the involvement of a therapist is costly and automated support could also achieve the same effect.^\[[@R44]\]^

Another interesting finding is that participants mainly consisted of females in 13 of 16 included studies. It has been proved that girls were more depressed than boys and girls used more emotion-focused and ruminative coping than did boys.^\[[@R45]\]^ Given that the purpose of mindfulness is to reduce ruminative coping, it is reasonable to hypothesize that females benefit more than males. The assumption was proved in a previous study. Rojiani declared that women showed greater decreases in negative affect and greater increases on scales measuring mindfulness and self-compassion after mindfulness training and that the effectiveness of MBIs may be maximized by gender-specific modifications.^\[[@R46]\]^ Therefore, further research should aim to explore how iMBIs are applied in male samples.

Despite the effect of mindfulness on stress reduction has been proved in the present meta-analysis, we still know little about the underlying mechanism. A recent study reported mindfulness could reduce stress via positive reappraisal, through which stressful events are transformed to beneficial, meaningful, and positive events (e.g., thinking that one can learn something from troubles).^\[[@R47]\]^ Due to the insufficient data on emotion regulation, we hope that future studies could focus on this respect.

Last but not least, the small to moderate effect size of iMBIs on the reduction of depression (*g* = −0.339) and anxiety (*g* = −0.200) should be treated with caution, for a small number of relevant studies were included in the present meta-analysis. It may have something to do with the small effect size that we only included studies on healthy adults. Healthy adults are likely to have lower levels of depression and anxiety at baseline, leading to less room for enhancement compared to patients with somatic illness or psychological illness. Given the increasing incidence rates of depression and anxiety disorders in the general population,^\[[@R48]\]^ the effect of iMBIs deserves expecting.

As the first meta-analysis examining the effects of iMBIs on stress reduction of the general population, it will be important for future researchers to report these possible influence factors (such as the gender and the delivery mode of iMBIs) so that the relationship between these factors and intervention effectiveness can be examined, and perhaps iMBIs are remolded to improve adherence and suit specific individuals.

Several limitations of this meta-analysis were worth noting. First, only published literature in English and Chinese were included in this study. If possible, future studies should search for articles in other languages and gray literature which meet the criterion. And there was a risk of publication bias in this meta-analysis and we failed to conduct more sophisticated assessments. Second, there was limited information provided by several studies and thus we were unable to perform a future investigation on other possible confounding factors that may influence the final effect size of iMBI on stress and mindfulness. Future researchers should pay more attention to possible influence factors (such as the gender of participants, and the age of participants) so that the correlation between those factors and the effectiveness of iMBI on stress and mindfulness among the general population can be evaluated. Moreover, due to insufficient information, we cannot have the capacity to examine how students and staff benefit differently from iMBIs or the effectiveness of different types of iMBIs. Third, confounders may not completely be controlled when conducting the meta-analysis. Thereby, there remained an unclear risk of bias across the included studies. Sensitivity analysis by excluding studies sequentially was performed for the precision of our research. In spite of the limitation aforementioned, we followed a strict protocol through the whole research to mitigate the potential bias and ensure the reliability and objectivity of the meta-analysis.

5. Conclusion
=============

In summary, online mindfulness-based treatment was considered as an innovative and effective approach in terms of the reduction of several psychological symptoms. Our research results showed that there was a moderate effect of iMBI on stress among the general population and a small effect on mindfulness. However, there are still some questions remaining to be solved. In the future, more methodologically rigorous investigations into the potential confounding factors will provide more information to investigate how those factors influence the effect size. More importantly, researchers should pay more attention to explore how to remold iMBIs for the improvement of adherence and suitability for specific individuals.
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